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The Tetralogy of Thermodynamics Thermodynamics made SIMPLE

Following the historical development of thermodynamics ideas we will present firstly the 0 th Principle, secondly the 2 nd Principle, thirdly the 1 st Principle and finally the 3 rd Principle. Then we show that entropy is proportional to a numerical function F(X), where X is the ratio of energies and that the fundamental Boltzmann's constant is the atom of Entropy. We think to have given a "good" insight on Entropy. We condense all ideas in the Thermodynamics Tetrahedron.

Introduction

We try here to provide the basics of Thermodynamics and make them simple so that every "logical" person can understand.

In order to understand deeply the argument, the reader can (but it is not necessary to) refer to the documents "The Mathematics of Thermodynamics, Addendum to Mathematics of Thermodynamics, Linhart ideas on Entropy versus "classical Entropy". Proof of Linhart nonsense, Horstmann Thermodynamics versus Mathematics_FIRST part, Horstmann Errors on Thermodynamics." [see references] The basic ideas on which Thermodynamics is founded are set into 4 Principles (now fixed), from the 0 th to the 3 rd one; each principle defines a fundamental fact of experience.

Here we present immediately all, with their characteristic variables; their explanation will follow later.

The four Principles of Thermodynamics The zero-th Principle: there exists a physical (measurable) variable, named Temperature (T), defining the thermal equilibrium the Entropy at zero absolute temperature is the same for all substances,

S(T=0)=constant

The important variables to be defined are: Temperature, Absolute Temperature, Energy, Entropy

We must add to the previous variables another one: the HEAT.

These Principles were defined after Carnot work on Heat Engines; actually Carnot used the 2 nd and the 0 th ones without giving them any name. The 1 st Principle came later than the 2 nd ; some books do not mention the 0 th one, assuming that it is not necessary. The 3 rd Principle is the last one. This author prefers to use the wording Principles instead of Laws (found in many documents).

Let's start our journey with some known facts that we experience.

Fist known fact

Everyone, either in summer or in winter, feels differently: in summer we feel hot, while in winter we feel cold. We attribute these feelings to a physical quantity named temperature (we use the symbol t, for the time being; later we use T, the absolute temperature).

We are able to distinguish between hot objects and cold objects; we say that hot objects have a higher temperature t H than the temperature t C of the cold objects: t H > t C .

To deal scientifically with any physical quantity we must be able to measure it.

Second known fact

Regarding the temperature, we experience the fact that if we mix a cold quantity of matter (think to a cube of ice…) with a "hot" quantity of water (think to a glass of water…), after some time, we feel the (mixed) matter + water at the same intermediate temperature t, and we say that they are in thermal equilibrium. Thermal equilibrium is an equivalence class: IF the object A is in thermal equilibrium with an object C AND another object B is in thermal equilibrium with the same object C, THEN the objects A and B are in thermal equilibrium with each other. This is named the Zeroth Principle of thermodynamics. This principle allows us to devise an object C [or more objects C] able to "measure" the temperature: it is named "thermometer". A common thermometer in everyday use consists of a mass of liquid-usually mercury or alcohol-that expands into a glass capillary tube when is put into contact with "hot" objects.

Third known fact

If we take in our hand the right end of a little spoon and we put the other end on a flame, almost immediately we feel our hand "burning"… Fourth known fact If we have fever we feel hotter than when we are healthy… All these facts (and many others!) show that there exists a physical variable able to "measure" the hotness and the coldness of any object; IF we put in contact any "hot" with any "cold" objects, after a certain time, the two objects reach the same temperature: they are in thermal equilibrium (they have the same level of hotness and coldness). We must logically admit that "something (even if we do not really know what it is) is flowing from the hot object (at higher temperature t H ) to the cold object (at lower temperature t C )": the "something" flowing has a special name heat. [we know that heat is energy, BUT we pretend not to know, for the time being!) Heating is the way to transfer heat. At the beginning of Thermodynamics, near 1824, S. N. Carnot used the name caloric (for that "something"); you will see later why we say this. Caloric was related to the "puissance of feu" (power of fire), according to Carnot. Fire was the main source of "energy" at that time… The discovery of fire was one of the first great humans innovations, made in prehistory [the period between the first stone tools (about 3.3 million years ago) and the invention of writing systems].

Fire allowed humans to do many activities as producing light and heat, cooking food, … and metal "fabrication", … Up to today many devices use "heat" to make their intended work; they do not use fire anymore; they use energy generated by heat in combustion chambers (e.g. turbines, engines, …)

In our journey we follow history: we deal firstly with the 2 nd Principle before the 1 st Principle!!!

The 2 nd Principle of Thermodynamics

The Newcomen Steam Engine was one of the most interesting pieces of technology developed during the 1700's. About 65 years after this engine invention, J. Watt made an improvement which improved the efficiency of the machine. Several technical improvement have been taken since then, in order to improve the efficiency of heat engines. Anyway before S. L. Carnot, in 1824, nobody gave any important "theoretical" contribution to the performance of heat engines. Carnot did not consider the "mechanical" details of the engines and gave due attention to the "significant ("theoretical") aspects" of heat engines; they were: A. Caloric (Heat) is supplied in, at High temperature T H [Q H is the quantity of Caloric (Heat) delivered to the engine] B. The engine transforms caloric into (mechanical) work C. Caloric (Heat) is delivered out, at Low temperature T C (<T H ) [Q C is the quantity of Caloric (Heat) delivered out of the engine] No other idea was considered important for Carnot. Notice that Carnot assumed that it is impossible to "extract work" from heat at a single temperature. In other words, the process of making work go into heat can take place at a given temperature, one cannot reverse it to get the work back again. Although, at that time, everybody thought that, according to the caloric theory, the quantities of Caloric Q H and Q C would have to be the same, Carnot did not say that Q H was equal to Q C because he did not believe it; that, in spite of the analogy between the motive power 1) of a heat engine and 2) of a water wheel, where two levels of height of a waterfall are needed to get the wheel move [and the quantity of water discharged by the wheel at the bottom level is the same as originally entered at the top level]. He invented an ideal engine, named Carnot Engine, working according the Carnot Cycle, made of two isotherm and two adiabatic lines, as in figure 1 Adiabatic transformation pv k =const Figure 1. Carnot Cycle on the left [an isotherm line is such that the temperature is constant, an adiabatic line is such that there is not heat transfer]

Notice that Carnot could not say how much quantity of heat was Q C , because he did not know the first Principle. Following his ideas Carnot could prove that, for his ideal engine, We can get it deriving from (1) the ratio Q H /Q C =T H /T C ; let a Carnot Engine working between the boiling water temperature and melting ice temperature: IF Q H =1000 calorie (we use this because we follow the "caloric" ideas! 1 calorie=4.186 J) then Q C =732 (approximately) and hence the ratio is T H /T C =1000/732; now, by setting T H -T C =100, we get T H =373 (approximately) and T C =273 (approximately). The true value is T C =273.15 K (Kelvin degrees). Writing (1) as (1 bis) and we set Q/T=S, named entropy (concept and name unknown to Carnot, devised by Clausius later) we see that (1 ter) that is, in a reversible Carnot Cycle is zero and hence the entropy variation S B -S A =S, for any reversible transformation depend only by the points A (initial) and B (final) of the transformation (see figure 1) and not on the way we go from A to B. This very important point means that Entropy is a State Function [it depends only on the state A (initial) and on the state B (final) of the system making the transformation]. Notice the wording of Clausius: from En-ERG-y he set En-TROP-y. At his time energy was measured in "erg"! TROP is related to the Greek word "trope" meaning transformation. For an infinitesimal reversible transformation we set *

where the symbol d*Q means that the quantity of heat d*Q is not an exact differential (it depends on the transformation considered), while dS is an exact differential. Hence the integral, for a cyclic reversible process is

∮ = ∮ * = 0 (3) 
For cyclic NONreversible processes we have

∮ * > 0 ( 3 bis) 
The second Principle of Thermodynamics is then the following For ANY cyclic processe we have

∮ * ≥ 0 (4) 
ℎ Notice that this was not the Carnot Principle because he did not know the concept of entropy: he defined his Principle as "heat cannot be taken in at a certain temperature and converted into work with no other change in the system or the surroundings".

There are many ways to define the 2 nd Principle; you can find them in [START_REF] Galetto | The Mathematics of Thermodynamics[END_REF][START_REF] Galetto | Addendum to Mathematics of Thermodynamics[END_REF].

We presented fist the 2 nd Principle; now we go to the first one.

The 1 st Principle of Thermodynamics

In order to understand the argument, it would be useful to refer to the document "The Mathematics of Thermodynamics", and to revise the known facts given above and there about the temperature, the thermal equilibrium, the transformation of energy (mechanical, kinetic, gravitational, electromagnetic, nuclear, …, heat) and the state variables. Experiments of B. Thompson and J. P. Joule showed that one can generate as much heat as wanted by friction. Joule's experiments proved, with an experimental error <5%, the "linear" relationship between mechanical work and heat (mechanical equivalent of heat, 1 calorie=4.186 joule). R. Mayer and later H. Helmoltz (1847) thougth that there had to be a principle ruling the equivalence of the energies involved: the 1 st Principle of Thermodynamics was born.

All the researchers (but very few) agree that the 1 st Principle of Thermodynamics states the Conservation of Energy (which was unknown to Carnot). In Thermodynamics it is written as dU = d*W + d*Q

(5) [in differential form it is (for an infinitesimal transformation)] where  dU is the exact differential of the state function U, named Internal Energy  d*W is a differential form, NOT exact, of the Work (W) done on the system  d*Q is a differential form, NOT exact, of the quantity of Heat (Q) supplied to the system So it is now clear that what Carnot named "caloric" was actually Energy, "thermal energy" if we like to call it. All the variables in [START_REF] Galetto | Horstmann Thermodynamics versus Mathematics_FIRST part[END_REF] are measured in J (Joule).

In Physics, there are many conservation "laws": the energy conservation, the momenta conservation, the angular momenta conservation, the charge conservation, the electron lepton number conservation, the baryon number conservation, the muon lepton conservation, the tau lepton number conservation, the charm conservation, the strangeness conservation.

Being the Internal Energy a state function [depending only on the endpoints of a transformation] it is true that for a cyclic process, reversible or irreversible, we have

∮ = 0 (6) 
This 1 st principle stating that a change in internal energy in a system can occur as a result of energy transfer by heat, by work, or by both, is essentially presented in one form and it is very important, but it makes no distinction between processes that occur spontaneously and those that do not. The figure 2 The situation depicted in figure 2 shows that there is a hierarchy between the various forms of energy: heat has a lower hierarchy than work; heat is a degraded form of energy, because < 50% of heat can be transformed into work. This strong limitation gave origin to the 2 nd Principle of Thermodynamics (we saw first in section 2).

It is now clear that a Carnot Engine, operating between two temperatures (absolute …) T 1 >T 2 , with quantities of heat (energy!) Q 1 (supplied to the engine) and Q 2 (removed from the engine), can make work -W=Q 1 -Q 2 (see figure 1; it is the area, with negative sign, enclosed by the Carnot Cycle).

Unfortunately, there are people saying the following NONSENSE (people NOT cited here …; notice the word "Laws" and not Principles): … the First and the Second Laws of Thermodynamics are thus not independent from each other, but they are connected to each other with a kind of dialectic … kind of relationship… … and then connect this with the ideas … … formulated by Isaac Newton -as his Third Law: "For every action, there is an equal and opposite reaction".

Figure 2 show the "great asymmetry" of the two INDEPENDENT Principles: that's why BOTH must be taken into account in any actual process!!! Today we know that heat is kinetic energy and temperature T as well is related to kinetic energy. The following figure shows clearly all the types of exchanges happening at the boundary of a system with its surrounding. We end this section by citing the various energies (besides the ones cited in figure 3) present in any body: the thermal energy (kinetic energy) related to the body temperature, the chemical energy related to the molecules, nuclear energy related to the atoms nuclei and body mass.

The 3 rd Principle of Thermodynamics

It is the most recent. M. Plank stated it this way (first form): Entropy of all pure, perfectly crystalline homogeneous materials is 0 at T=0. And what about non_pure, non_perfectly crystalline homogeneous materials? Then we can say that, at any temperature greater than zero, the entropy of every substance will be greater than zero.

Another way (second form) is

It is impossible to reduce the temperature of a material body to the absolute zero of temperature in a finite number of operations.

In spite of that, we know that specific heat varies with temperature. If, however, temperature intervals are not too great, the temperature variation can be ignored and c can be treated as a constant. However near T=0 we know that the specific heat c V decreases with the temperature. We argue then a (very probable) physical fact that the specific heat C V 0 as T0, so that the following integral is * *

(S 0 is the integration constant). From Quantum Mechanics it is possible to deduce that S 0 could be >0 at T=0 [although the second form]. We do not pursue further the matter.

Entropy insight

We now provide a very interesting interpretation of the physical significance of Entropy.

We did not entered into the Statistical Mechanics, but we shall use one of its findings. We know that the kinetic energy for an atom of mass m 0 is k B T, for any degree of freedom 

The ratio within (…) is an adimensional variable dx.

Hence by integration we have * ( )

where X a numerical variable and F(X) a suitable increasing function of X, with F(0)/k B =S 0 . Therefore we see that the fundamental Boltzmann's constant is the atom of Entropy.

Remembering the Boltzmann formula (found near 1900) S = k B ln()

we have F(X)=ln(). A final result is that entropy can be seen as the unavailable energy per unit temperature:

¢¢ ¢¢

Conclusion

Following the historical development of thermodynamics ideas we presented firstly the 0 th Principle, secondly the 2 nd Principle, thirdly the 1 st Principle and finally the 3 rd Principle. Then we showed that entropy is proportional to a numerical function F(X), where X is the ratio of energies.

We showed that the fundamental Boltzmann's constant is the atom of Entropy.

We entitled the paper "The Tetralogy of Thermodynamics, Thermodynamics made SIMPLE" because we gave the fundamental ideas form which the whole Thermodynamic Science was developed. 

  combines the 1 st and the 2 nd Principles and shows what can happen in practice: asymmetry between Work and Heat…
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  THEN the same engine, operating in the reversed cycle, from the work -W provides the quantity of heat -Q H (at temperature T H ) while absorbing -Q C (at temperature T C ). Absolute temperature needs a scale of measure.

	so that the efficiency was
	(2)

NOTICE that, in order formulae

[START_REF] Galetto | The Mathematics of Thermodynamics[END_REF] 

and (2) hold, T C and T H MUST be absolute temperatures. Absolute temperature, what's that? Moreover, (1) is related only to the reversible Carnot Cycle! A reversible Engine is one that provides the same quantities of heat and work with reversed signs [any + become -, and vice versa] (see figure1 with reversed arrows): IF from Q H and Q C the engine provides the work W,

  . [k B is the Boltzmann's constant; k B =R/N A =1.3806504(24)*x10 -23 J/K, N A =Avogadro Number =6.02214179(30)*x10 23 particles/mol, Gas constant R=8.314472(15)* J/(mol K); the numbers (ab)* parentheses for the values represent the uncertainties of the last two digits]We know as well that the quantity of heat Q is kinetic energy. We can rewrite (3) as *